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Physical motivations (slides, 15min)
Interactions between microturbulence and tearing modes

Capabilities of the BOUT++ module in OMFIT (15min)

Results on the effects of a magnetic island on the turbulent transport

Tutorial 1: (45min)
Understanding the BOUT ++interface module
Running a script on NERSC/hopper or other systems

Tutorial 2: (45min)
How to create your BOUT++Projects in the BOUT++ module

Creation of your own scripts/GUIs
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Graphical User Interface (GUI
D

aily assistance/review (GitHub), incremental work

After 2 years:

>40 users; >30 modules; ATOM (M$ 3.7 for 3 years,>15 people):

GA, UCSD, LLNL, ORNL...; >103 executions of OMFIT in 4 months

MDS+ library
remote connections

BOUT++ available
with BOUT++class

Fast to build a code
interface

NetCDF, PBS, :
Matlab, g-file...

Integrated studies
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OUR STEPS

« 2D/3D tearing modes

— Model verification and validation of the dispersion relation

- 2D/3DITG

— Model verification and validation of the dispersion relation

« 2D microturbulence w/o or with magnetic island
— Model verification and accuracy with energy evolution
— Effects of the island

« 3D microturbulence w/o or with magnetic island:

— Verification. Effects of the island.

Perspectives for the following 6 months:

— Self-consistent evolution of the magnetic field
— Modification of the Rutherford equation due to effective microturbulence
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Motivation

« MHD and microturbulence (i.e. on ion gyroradius scales or smaller)
both important determinants of plasma confinement and device
performance

 Historically, MHD and microturbulence considered separately

— No tractable rigorous theory capable of handling both, especially for
relevant reactor geometry and parameters

* However, clear that MHD and microturbulence coexist in many
experiments, so potential couplings need to be investigated

* In order to make progress on this challenging problem, start by
investigating nonlinear couplings between tearing mode and ITG
turbulence in a minimal fluid model

« GOALS:

— Modification of the Rutherford equation with an effective turbulence
— Long spatial range effects of a magnetic island on the turbulence
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Use curvature-driven “four-field” ITG model to
examine nonlinear interactions with imposed island

« Set dy/dt =0, turbulent flutter nonlinearities to zero (f -> 0)

« Allow separate n, ¢ fluctuations to allow self-consistent zonal flow response
and quantify Ohm’s law nonlinearity in presence of small but finite n

- a d /[~ . ~ =\ = = 2~
dn=——(¢-n)+V,(J,-V,|+B-VJ,+DV|n
LB ay(q) ) ||( Il ||) 1 1
dtQ=—£i((1+r)ﬁ+rﬂ)+vllj”+l§-§],+ri@+DVi£~2
Ly dy Ly; dy
dV. =-V, ((1+‘L’)I71 + TTI.)+DViX7“
- a &é - N - 2
dl, =-t——-(T-1)|V,V,- A —(¢+rn+rTi) +7DVT,
Ly dy 5 Y
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“Four-field” ITG linear dispersion

. The linear dispersion relationis ~ P(@)=A0" +Aw’ + Ao + Aw +A4,
A, =Tk
A, =T(Cpy +k1(Cyy + Cy)))
Ay =TCyy (Cpy +Cpy )+ TC (i + KiCy, )+ K7 (T =1)(wik, ) = 7R5,C T (14T
A, = CyCyyCry + T (T =1)(K2Cpy + kiCyy = AQ; Cyy ) = TR C 1, Cppy + TCoC C
+7(1+7)k} (Cpy +k2Cyy )+ 277 (T - 1) K2Q,
Ay =T (T =1)kCy, (Cpy + Cp, = (147) Q)+ TK? (CpoCyy + A1+ 7) (T = 1)Q,C,
+A7* (T =1)kQ,C, — T (1+7)k2Q,C
C, = —k—5+rkf£2;i, Cpo=A(I-1)Q;, Cp=-—=-Q;

2

CBZ=(1+I)£2’;+k—Z, C,o=Cp -1, Q =ik <
n
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Yin (€/0)

Wi (Cs/0)

“Four-field” ITG linear dispersion

« For the 2D-limit w/o island: the dispersion relation is well validated
« Consider limiting case: ny(x) =1, a/Lgy=0.1,a/L;=0.3, =0
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Solve 2D system using BOUT++ framework

64 x 64 p, box (a = 32, b=64), NX=151, NY=129
* 1Peq= 'XZ/(ZLS) + wislandCOS(2ny/b)

« Base parameters:
a/Lz=0.1, a/L=0.3, n=1e-4, D=1e-2,/=0.05

» All cases force (i), =(Vi) =(T,)_=0to prevent quasilinear

Yz

relaxation (will relax this assumption in future work)
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Cases without island show significant
“burstiness” and long-timescale dynamics

« Saturation of the turbulence observed. Burst-like of the

energy appears when W.__.=20p,
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Energy balance: numerical accuracy

» Saturation of the turbulence confirmed. Burst-like of the

energy bette

r understood.
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In these simulations, island increases heat flux,

concentrates flux near X-point

Robustness of results and parameter sensitivities still need

to be assessed

Question: Is it a physical shift

(Q(x.3)), = (Vi T3),

with respect to the X-point?
R .<.Q.‘?Yn*: (0 U
i ~ Wisland - 10_:

L ow
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Influence of Island on Reynolds Stress <{§>,qu3}>

2t

* Note finite island case has RS order magnitude larger than no-island
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Influence of Island on Maxwell Stress <{¢,sz/?}>
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Influence of Island on Ohm’s Law

Nonlinearity
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Statistics: Probability Density Function

Effect of island on turbulence statistics:

- Kurtosis decreases

for higher Skewness 25

- Skewness range
of values decreases

What is the
conclusion?
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« W=0, from BOUT++
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Statistics: Probability Density Function

Effect of island on turbulence statistics:

.
X-E|X
Skewness S=E ]
var X]
x—E[x\"
Kurtosis S=E|lZ— [X]
Var[X]
Focus on 3 zones:
- close to the O-point |
- close to the X-point s ———

- long range effect
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Statistics: Probability Density Function

Effect of island on turbulence statistics:

O-point
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Statistics: Probability Density Function

Effect of island on turbulence statistics:

X-pOint 10" at [50() :1000,65 :85,0,110 :128]
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Statistics: Probability Density Function

Effect of island on turbulence statistics:

Long range 1o at [500:1000,‘5:35,0,0:1]
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Future directions

« Work presented here represents (our) first steps into nonlinear modeling of
problem, many future directions to pursue

« Goals for future work:

Understanding why island response is so strong/spatially large

Transition to 3D, source driven system
Move to self-consistent evolving island (likely needs to use BOUT
preconditioners)

More nonlinear simulations to map out couplings of ITG and tearing mode as
function of drives dT,,/Jdx and dJ,,/dx. What is net direction of energy

transfer (when summed over all couplings)?
Additional physics: density gradient, curvature, improved gyrofluid closures

« Endgoals:

1.
2.

incorporation of turbulence effects into Rutherford equation

quantifying “zone of influence” of tearing mode on turbulence- how far from
rational surface/island separatrix does turbulence feel impact of island
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